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Summary. 



(57) [Abstract] 

[Technical problem] Without preparing a reference electrode in each cell of a fuel cell, a damp or 
wet condition is detected and operation is controlled. 

[Means for Solution] The hydrogen content gas and air which were humidified with the humidifier 
3 are supplied to the fuel cell stack 4 from the right-hand side in drawing. The method valve 9 of 
four which reverses the direction of the cooling water pump 7 made to circulate through cooling 
water, the radiator which radiates heat to the exterior in the heat of cooling water or a radiator, 
and the cooling water which flows to a radiator fan s group 8 and the fuel cell stack 4. and the ' 
thermometer 10 which measures a circulating water temperature constitute a cooling system 12. 
A cooling system 12 makes cooling water flow into the fuel cell stack 4 from left-hand side at 
the time of the cell amplitude measurement for judging a damp or wet condition, and forms a 
relative humidity distribution in the cell array direction. A control unit 11 judges a damp or wet 
condition by the cell distribution of voltage of a cell with low relative humidity, and a high cell. 
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CLAIMS 



[Claim(s)] 

[Claim 1] The fuel cell characterized by providing the following. A voltage detection means to 
detect the voltage of at least two cells chosen from two or more cells which constitute a fuel 
cell stack The damp-or-wet-condition judging means which investigates the distribution of 
voltage for every cell which the humidity distribution means forming which forms the relative 
humidity distribution of fuel gas and oxidization gas in the cell array direction of a fuel cell stack 
at the time of the cell voltage detection by the aforementioned voltage detection means, and the 
aforementioned voltage detection means detected, and the voltage of a cell with low relative 
humidity judges as the humidity of a fuel cell being inadequate at least when low compared with 
the voltage of a cell with high relative humidity. 

[Claim 2] It is the fuel cell according to claim 1 which carries out [ that the aforementioned 
humidity distribution means forming is changing to an opposite direction at the time of the 
voltage detection by the aforementioned voltage detection means for the damp-or-wet- 
condition judging by the aforementioned damp-or-wet-condition judging means, and is a cooling 
means form the relative-humidity distribution of fuel gas and oxidization gas in the cell array 
direction of a fuel cell stack while usually making the inflow direction and the circulating-water- 
flow close direction of a fuel cell stack of fuel gas and oxidization gas into this direction at the 
time of operation, and ] as the feature 

[Claim 3] The aforementioned humidity distribution means forming is a fuel cell according to 
claim 1 which always makes an opposite direction the inflow direction and the circulating-water- 
flow close direction of a fuel cell stack of fuel gas and oxidization gas, and is characterized by 
being a cooling means to form the relative humidity distribution of fuel gas and oxidization gas in 
the cell array direction of a fuel cell stack. 

[Claim 4] The fuel cell characterized by providing the following. A voltage amperometry means to 
measure the voltage and current under fuel cell stack operation. An internal resistance 
presumption means to presume the internal resistance value of a fuel cell stack based on the 
volt ampere characteristic which this voltage-current measurement means measured. A damp or 
wet condition judging means to judge the damp or wet condition of a fuel cell based on 
comparison with the standard value beforehand remembered to be the internal resistance value 
by which presumption was carried out [ aforementioned ]. A load limitation means to restrict the 
output of a fuel cell when it judges with this damp or wet condition judging means of humidity 
being inadequate. 

[Claim 5] The fuel cell according to claim 4 characterized by having further a thermometry 
means to measure the temperature of a fuel cell, and a standard value change means to change 
the aforementioned standard value based on the measured temperature. 
[Claim 6] The fuel cell characterized by providing the following. An inflow moisture-content 
detection means to detect the moisture content of the fuel gas which flows into a fuel cell stack, 
and oxidization gas. An effluent quantity detection means to detect the moisture content of the 
fuel gas which flows out of a fuel cell stack, and oxidization gas. A generation moisture-content 
presumption means to presume the moisture content generated inside the fuel cell stack. A 
damp or wet condition judging means to judge the damp or wet condition of a fuel cell based on 
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the moisture content, inflow moisture content, and effluent quantity by which generation was 
carried out [ aforementioned ]. 

[Claim 7] The fuel cell of the claim 1 characterized by having further a load limitation means to 
restrict the output of a fuel cell when it judges with the aforementioned damp or wet condition 
judging means of humidity being inadequate, or a claim 6 given in any 1 term. 
[Claim 8] The operating method of a fuel cell characterized by providing the following. Humidity 
distribution formation process which forms the relative humidity distribution of fuel gas and 
oxidization gas in the cell array direction of a fuel cell stack. Voltage detection process in which 
the voltage of at least two cells chosen from two or more cells which constitute a fuel cell stack 
is detected Damp or wet condition judging process which investigates the distribution of voltage 
for every cell, and the voltage of a cell vyith low relative humidity judges as the humidity of a fuel 
cell being inadequate when low compared with the voltage of a cell with high relative humidity. 
Load limitation process in which the output of a fuel cell is restricted when it judges with 
humidity being inadequate in the aforementioned damp or wet condition judging process. 
[Claim 9] The operating method of a fuel cell characterized by providing the following. Voltage 
amperometry process which measures the voltage and current under fuel cell stack operation. 
Internal resistance presumption process in which the internal resistance value of a fuel cell 
stack is presumed based on the volt ampere characteristic by which measurement was carried 
out [ aforementioned ]. Damp or wet condition judging process in which the damp or wet 
condition of a fuel cell is judged based on comparison with the standard value beforehand 
remembered to be the internal resistance value by which presumption was carried out 
[ aforementioned ]. Load limitation process in which the output of a fuel cell is restricted when it 
judges with humidity being inadequate in the aforementioned damp or wet condition judging 
process. 
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DETAILED DESCRIPTION 



[Detailed Description of the Invention] 
[0001] 

[The technical field to which invention belongs] this invention relates to the fuel cell which can 
be built over the fuel cell of a solid oxide type, and its operating method, especially can control 
the humidity of an electrode or an electrolyte film appropriately, and its operating method. • 
[0002] 

[Description of the Prior Art] Fuel cell technology attracts attention to the problem of the global 
warming by the environmental problem in recent years, especially the air pollution by exhaust gas 
and the carbon dioxide of an automobile as the power source which makes possible clean 
exhaust air and high energy efficiency, or a source of power. 

[0003] The single cell of a fuel cell joins the electrode which includes a catalyst in the both sides 
of the electrolyte film which is an ion conductor, and is constituted. And fuel gas, oxidization gas, 
for example, the gas containing hydrogen, and air are supplied to two electrodes, respectively. In 
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the anode (fuel electrode) to which hydrogen is supplied, hydrogen ionizes into a hydrogen ion 
and an electron. An electron returns to an anode plate through an external circuit, and a 
hydrogen ion reaches a cathode (air pole) through an electrolyte film. In the cathode to which 
the oxygen in air is supplied, a hydrogen ion, oxygen, and an electron react and water is 
generated. 

[0004] The theoretical electromotive force of the single cell of a fuel cell is about 1,2 V and a 
low, and the stack structure which usually accumulated two or more cells and was made into the 
series connection is used. The solid-state polyelectrolyte type fuel cell which has high power 
density especially also in a fuel cell attracts attention as sources for mobiles of power, such as 
an automobile. 

[0005] In operation of such a fuel cell, an important point is keeping proper the damp or wet 
condition of an electrode catalyst and a solid-state polyelectrolyte film. If these tend to dry, 
ionic conductivity will fall and the internal resistance as a power plant will increase. If humidity 
passes with the generation water by the reaction of hydrogen and oxygen etc.. the effective 
electrode area which incorporates gas will decrease and the output current will decrease. 
[0006] It considers as the technology which controls the damp or wet condition of the electrode 
in the conventional fuel cell, and a solid-state polyelectrolyte film proper, and technology given in 
JP.7-22047,A is known. According to this conventional technology, the reference electrode 
which shows the reference potential stabilized in the fuel cell was prepared, the anode of a cell 
to this reference electrode and the potential of a cathode were measured, and the amount of 
humidification of fuel gas or oxidization gas was adjusted based on this potential. 

[0007] . " . . 

[Problem(s) to be Solved by the Invention] However, since the above-mentioned conventional 
technology had become the composition of measuring the potential of the anode to the 
reference electrode in a fuel cell, and a cathode, there was a trouble that application was 
impossible in the fuel cell which does not have the reference electrode. 
[0008] Moreover, since the above-mentioned conventional technology had become the 
composition of judging the excess of moisture, or dryness of a film, by change of the anode to 
the output current, and cathode potential, when the above output current was not pulled out to 
some extent, a unique reaction was not seen but it had the trouble that the judgment of a damp 
or wet condition was difficult „ : . - 

[0009] Furthermore, since both the excess of moisture and dryness of a film may become a 
cause when the singularity of potential change is accepted in an anode and cathode two poles, 
the above-mentioned conventional technology requires time for both distinction. It was 
specifically made dryness at once, and after measuring the potential change, since both 
distinction was judged, the trouble that immediate output recovery was difficult was for the first 
time. - 

[0010] It is offering the fuel cell which detects a damp or wet condition and can control 
operation, and its operating method, without the purpose of this invention preparing a reference 
electrode in each cell of a fuel cell in view of the above trouble. 

[0011] Moreover, especially the purpose of this invention is offering the fuel cell which can judge 
a damp or wet condition easily, and its operating method, without pulling out the output current 
of a fuel cell, 

[0012] Furthermore, the purpose of this invention is offering the fuel cell which can judge easily 
whether it having changed in the overhydration or which direction of dryness from the proper 
damp or wet condition, and its operating method, 
[0013] 

[Means for Solving the Problem] A voltage detection means to detect the voltage of at least two 
cells chosen from two or more cells which constitute a fuel cell stack in order that invention 
according to claim 1 might solve the above-mentioned technical problem, The humidity 
distribution means forming which forms the relative humidity distribution of fuel gas and 
oxidization gas in the cell array direction of a fuel cell stack at least at the time of the cell 
voltage detection by the voltage detection means. The distribution of voltage for every cell which 
the voltage detection means detected is investigated, and relative humidity is [ the voltage of a 



file://C:¥My%20Documents¥JPOEn¥JP-A-2002-1 64065.html 



03/04/08 



low cell ] the fuel cell which makes it a summary to have had a damp or wet condition judging 
means to judge with the humidity of a fuel cell being inadequate to a low case compared with the 
voltage of a cell with high relative humidity, 

[0014] Invention according to claim 2 is set to a fuel cell according to claim 1 in order to solve 
the above-mentioned technical problem, the aforementioned humidity distribution means forming 
While usually making the inflow direction and the circulating-waterHlow close direction of a fuel 
cell stack of fuel gas and oxidization gas into this direction at the time of operation Let it be a 
summary to be a cooling means to form the relative humidity distribution of fuel gas and 
oxidization gas in the cell array direction of a fuel cell stack by changing to an opposite direction 
at the time of the voltage detection by the aforementioned voltage detection means for the 
damp or wet condition judging by the aforementioned damp or wet condition judging means. 
[001 5] In order that invention according to claim 3 may solve the above-mentioned technical 
problem, in a fuel cell according to claim 1, the aforementioned humidity distribution means 
forming always makes an opposite direction the inflow direction and the circulating-water-flow 
close direction of a fuel cell stack of fuel gas and oxidization gas, and makes it a summary to be 
a cooling means to form the relative humidity distribution of fuel gas and oxidization gas in the 
cell array direction of a fuel cell stack 

[0016] A voltage amperometry means to measure the voltage and current under fuel cell stack 
operation in order that invention according to claim 4 may solve the above-mentioned technical 
problem, An internal resistance presumption means to presume the internal resistance value of a 
fuel cell stack based on the volt ampere characteristic which this voltage-current measurement 
means measured. It is the fuel cell which makes it a summary to have had a damp or wet 
condition judging means to judge the damp or wet condition of a fuel cell, based on comparison 
with the standard value beforehand remembered to be this presumed internal resistance value. 
[0017] Invention according to claim 5 makes it a summary to have had further a thermometry 
means to measure the temperature of a fuel cell, and a standard value change means to change 
the aforementioned standard value based on the measured temperature in a fuel cell according 
to claim 4 in order to solve the above-mentioned technical problem. 

[0018] An inflow moisture-content detection means to detect the moisture content of the fuel 
gas which flows into a fuel cell stack, and oxidization gas in order that invention according to 
claim 6 may solve the above-mentioned technical problem. An effluent quantity detection means 
to detect the moisture content of the fuel gas which flows out of a fuel cell stack, and 
oxidization gas, It is the fuel cell which makes it a summary to have had a generation moisture^ 
content presumption means to presume the moisture content generated inside the fuel cell 
stack, and a damp or wet condition judging means to judge the damp or wet condition of a fuel 
cell based on the moisture content inflow moisture content, and effluent quantity by which 
generation was carried out [ aforementioned ]. 

[0019] When it judges with the aforementioned damp or wet condition judging means of humidity 
being inadequate in the fuel cell of a claim 1 or a claim 6 given in any 1 term, invention according 
to claim 7 makes it a summary to have had further a load limitation means to restrict the output 
of a fuel cell, in order to solve the above-mentioned technical problem. 

[0020] The humidity distribution morphosis which forms the relative humidity distribution of fuel 
gas and oxidization gas in the cell array direction of a fuel cell stack in order that invention 
according to claim 8 may solve the above-mentioned technical problem. Voltage detection 
process in which the voltage of at least two cells chosen from two or more cells which 
constitute a fuel cell stack is detected. When the distribution of voltage for every cell is 
investigated and the voltage of a low cell judges [ relative humidity / relative humidity ] with 
humidity being inadequate in the damp or wet condition judging process judged as the humidity of 
a fuel cell being inadequate to a low case compared with the voltage of a high cell, and this damp 
or wet condition judging process. It is the operating method of the fuel cell which makes it a 
summary to have had load limitation process in which the output of a fuel cell was restricted. 
[0021] The voltage amperometry process which measures the voltage and current under fuel cell 
stack operation in order that invention according to claim 9 may solve the above-mentioned 
technical problem, Internal resistance presumption process in which the internal resistance value 
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of a fuel cell stack is presumed based on this measured volt ampere characteristic, When it 
judges with humidity being inadequate based on comparison with the standard value beforehand 
remembered to be this presumed internal resistance value in damp or wet condition judging 
process in which the damp or wet condition of a fuel cell is judged, and this damp or wet 
condition judging process. It is the operating method of the fuel cell which makes it a summary 
to have had load limitation process in which the output of a fuel cell was restricted. 
[0022] 

[Effect of the Invention] A voltage detection means to detect the voltage of at least two cells 
which were chosen from two or more cells which constitute a fuel cell stack according to 
invention according to claim 1, The humidity distribution means forming which forms the relative 
humidity distribution of fuel gas and oxidization gas in the cell array direction of a fuel cell stack 
at least at the time of the cell voltage detection by the aforementioned voltage detection means, 
Since the distribution of voltage for every cell which the aforementioned voltage detection 
means detected was investigated, and the voltage of a cell with low relative humidity was 
equipped with a damp or wet condition judging means to judge with the humidity of a fuel cell 
being inadequate when low compared with the voltage of a cell with high relative humidity The 
effect that it can judge correctly whether overmoisture and the moisture of the damp or wet 
condition of a fuel cell are insufficient based on the measurement result of the voltage of a cell 
with high relative humidity and the voltage of a cell with low relative humidity is done so. 
Moreover, since the judgment of a damp or wet condition becomes exact, an unnecessary 
hydrogen purge is reduced and the effect of improving the mpg of a fuel cell is done so. 
[0023] According to invention according to claim 2. to an effect of the invention according to 
claim 1 in addition, the aforementioned humidity distribution means forming While usually making 
the inflow direction and the circulating-water-flow close direction of a fuel cell stack of fuel gas 
and oxidization gas into this direction at the time of operation By changing to an opposite 
direction at the time of the voltage detection by the aforementioned voltage detection means for 
the damp or wet condition judging by the aforementioned damp or wet condition judging means 
Since it is a cooling means to form the relative humidity distribution of fuel gas and oxidization 
gas in the cell array direction of a fuel cell stack Usually, the effect that an exact damp or wet 
condition can be judged is done so, without forming a relative humidity distribution of the both 
sides of a relative humidity distribution suitable at the time of operation and a relative humidity 
distribution suitable at the time of a damp or wet condition judging, and usually reducing the 
generating efficiency at the time of operation. . . : £ 

[0024] According to invention according to claim 3, to an effect of the invention according to 
claim 1 in addition, the aforementioned humidity distribution means forming Since the inflow 
direction and the circulating-waterHFlow close direction of a fuel cell stack of fuel gas and 
oxidization gas were always made into the opposite direction and it is a cooling means to form 
the relative humidity distribution of fuel gas and oxidization gas in the cell array direction of a 
fuel cell stack The effect that an exact damp or wet condition can be judged is done so, without 
preparing the circulating^water-flow close direction change function, and complicating a cooling 
means. l . - - % vj : 

[0025] A voltage amperometry means to measure the voltage and current under fuel cell stack 
operation according to invention according to claim 4, An internal resistance presumption means 
to presume the internal resistance value of a fuel cell stack based on the volt ampere 
characteristic which this voltage-current measurement means measured. The effect that a damp 
or wet condition can be judged is done so, without forming a relative humidity distribution in a 
fuel cell stack, since it had a damp or wet condition judging means to judge the damp or wet 
condition of a fuel cell, based on comparison with the standard value beforehand remembered to 
be the internal resistance value by which presumption was carried out [ aforementioned ]. 
[0026] since it had [ according to invention according to claim 5 ] further a thermometry means 
to measure the temperature of a fuel cell, and a standard value change means to change the 
aforementioned standard value based on the measured temperature in addition to the effect of 
the invention according to claim 4, even if the operating temperature of a fuel cell has change, 
the effect that an exact damp or wet condition judging can be performed is done so 
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[0027] An inflow moisture-content detection means to detect the moisture content of the fuel 
gas which flows into a fuel cell stack, and oxidization gas according to invention according to 
claim 6. An effluent quantity detection means to detect the moisture content of the fuel gas 
which flows out of a fuel cell stack, and oxidization gas. By having had a generation moisture- 
content presumption means to presume the moisture content generated inside the fuel cell 
stack, and a damp or wet condition judging means to judge the damp or wet condition of a fuel 
cell based on the moisture content, inflow moisture content, and effluent quantity by which 
generation was carried out [ aforementioned ] The change history of the moisture content inside 
a fuel cell stack is pursued correctly, and the effect that the damp or wet condition of a fuel cell 
can be judged correctly is done so. 

[0028] since it had further a load limitation means to restrict the output of a fuel cell when it 
judged [ according to invention according to claim 7 ] with the aforementioned damp or wet 
condition judging means of humidity being inadequate in addition to a claim 1 or an effect of the 
invention according to claim 6. the effect that recovery from dryness and continuation of 
operation of a fuel cell can be reconciled is done so 

[0029] The humidity distribution morphosis which forms the relative humidity distribution of fuel 
gas and oxidization gas in the cell array direction of a fuel cell stack according to invention 
according to claim 8. Voltage detection process in which the voltage of at least two cells chosen 
from two or more cells which constitute a fuel cell stack is detected. When the distribution of 
voltage for every cell is investigated and the voltage of a low cell judges [ relative humidity / 
relative humidity ] with humidity being inadequate in the damp or wet condition judging process 
judged as the humidity of a fuel cell being inadequate to a low case compared with the voltage of 
a high cell, and the aforementioned damp or wet condition judging process. Since it had load 
limitation process in which the output of a fuel cell was restricted, the effect that it can judge 
correctly whether the overhydration or the moisture of the damp or wet condition of a fuel cell is 
insufficient based on the measurement result of the voltage of a cell with high relative humidity 
and the voltage of the low cell of relative humidity is done so. Moreover, since the judgment of a 
damp or wet condition becomes exact, an unnecessary hydrogen purge is reduced and the effect 
of improving the mpg of a fuel cell is done so. 

[0030] The voltage amperometry process which measures the voltage and current under fuel cell 
stack operation according to invention according to claim 9, Internal resistance presumption 
process in which the internal resistance value of a fuel cell stack is presumed based on the volt 
ampere characteristic by which measurement was carried out [ aforementioned ], When it judges 
with humidity being inadequate based on comparison with the standard value beforehand ^ v 
remembered to be the internal resistance value by which presumption was carried out 
[ aforementioned ] in damp or wet condition judging process in which the damp or wet condition 
of a fuel cell is judged, and the aforementioned damp or wet condition judging process. The 
effect that a damp or wet condition can be judged is done so. without forming a relative humidity 
distribution in a fuel cell stack, since it had load limitation process in which the output of a fuel 
cell was restricted. Moreover, since the judgment of a damp or wet condition becomes exact an 
unnecessary hydrogen purge is reduced and the effect of improving the mpg of a fuel cell is done 
so. 

[0031] 

[Embodiments of the Invention] Next, with reference to a drawing, the gestalt of operation of this 
invention is explained in detail. 

[1st operation gestalt] Drawing 1 is a whole block diagram explaining the composition of the 1st 
operation gestalt of the fuel cell concerning this invention. The hydrogen feed zone 1 which 
supplies the gas (following and hydrogen content gas) by which a fuel cell contains the hydrogen 
as fuel gas by desired pressure and flow rate in drawing 1 , The air supply section 2 which 
supplies the air as oxidization gas by desired pressure and flow rate. The humidifier 3 which 
humidifies hydrogen content gas and air with the pure water supplied from the pure water feeder 
which is not illustrated, respectively. The fuel cell stack 4 to which the hydrogen content gas and 
air which were humidified with the humidifier 3 are supplied. While cooling the pump 5 for fuel 
circulation which makes the hydrogen which was not used recycle, the check valve 6 which 
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prevents the adverse current of hydrogen content gas, and the fuel cell stack 4 At the time of 
the amplitude measurement for a damp or wet condition judging, it has the cooling system 12 
which can make an opposite direction the inflow direction of the cooling water to the fuel cell 
stack 4 with the gas-stream close direction to the fuel cell stack 4, and the control unit 1 1 
which controls these equipments, 

[0032] The voltage detector which are two or more cells chosen from two or more cells which 
constitute a stack, and a voltage detection means to detect each voltage of all cells preferably 
and which is not illustrated is formed in the fuel cell stack 4, and the detecting signal of this 
voltage detector is told to it to a control unit 11, 

[0033] A cooling system 12 is equipped with the circulating^water-flow way which was 
established in the interior of the fuel cell stack 4 and which is not illustrated, the cooling water 
pump 7 made to circulate through cooling water, the radiator or the radiator which radiates heat 
to the exterior in the heat of cooling water, and a radiator fan s group 8. the method valve 9 of 
four which reverses the direction of the cooling water which flows to the fuel cell stack 4, the 
thermometer 10 which measures a circulating water temperature, the duct which connects 
these, and the cooling water with which these interior 

[0034] And the cooling system 1 2 constitutes the humidity distribution means forming which 
forms the relative humidity distribution of fuel gas and oxidization gas in the cell array direction 
of a fuel cell stack at the time of the cell voltage detection by the voltage detection means. 
[0035] Moreover, while a control unit 11 receives the hydrogen feed zone 1, the air supply 
section 2. and the detecting signal from a thermometer 10, it sends out the hydrogen feed zone 
1, the air supply section 2, a cooling water pump 7, and the control signal that controls the 
method valve 9 of four. 

[0036] Next, an operation of the relative humidity distribution formation by the cooling system 12 
is explained. The hydrogen content gas and air which are supplied from the hydrogen feed zone 1 
and the air supply section 2 are supplied from the right-hand side in drawing of the fuel cell 
stack 4, after passing a humidifier 3 and becoming suitable humidity. It is thought that absolute 
humidity does not fall and absolute humidity goes up them rather since this hydrogen content 
gas and air are further humidified by the moisture which generates the interior of the fuel cell - 
stack 4 by power generation as it flows from the right to the left after they are humidified by a i 
certain absolute humidity with a humidifier 3. 

[0037] According to the control from a control unit 1 1. usually, at the time of operation, the 
method valve 9 of four which changes the direction of cooling water pours cooling water in the 
direction of an arrow of a solid line, and at the time of the voltage detection by the voltage 
detector, it changes it so that cooling water may be poured in the direction of an arrow of a 
dashed line. Since the cooling water which flows the fuel cell stack 4 by this usually flows from 
drawing Nakamigi to the left at the time of operation, the temperature distribution in the fuel cell 
stack 4 at this time have the low right-hand side in drawing, and left-hand side becomes high. 
[0038] On the other hand, since cooling water flows from ****** to the right contrary to the 
direction where gas flows, at the time of the amplitude measurement for a damp or wet condition 
judging, the temperature distribution in the fuel cell stack 4 at this time usually have the high 
right-hand side in drawing contrary to the time of operation, and left-hand side becomes low at 
it Therefore, the relative humidity distribution of the fuel cell stack 4 at the time of an amplitude 
measurement has the low right-hand side in drawing, and left-hand side becomes high. 
[0039] Where such a relative humidity distribution is formed, when each temperature of two or 
more cells of the fuel cell stack 4 is measured, according to the position of the measured cell, 
the voltage of the low cell of relative humidity and the voltage of a cell with high relative 
humidity will be measured. 

[0040] In addition, a relative humidity distribution may always be made to be formed in a fuel cell 
stack by making the gas-stream close direction to a fuel cell stack, and the direction of a cooling 
water close style into opposite direction as a modification of the 1st operation gestalt, without 
usually changing the direction of cooling water in the time of operation and the amplitude 
measurement for a damp or wet condition judging. According to this modification, although it 
becomes the composition which omits the method valve of four which changes the direction of 
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cooling water, and is shown in drawing 2 , it is unavoidable that some falls usually arise in the 
generating efficiency at the time of operation. 

[0041] Next, operation of the 1st operation gestalt is explained with reference to the flow chart 
of drawing 3 , The current under fuel cell stack operation and detection of voltage are first 
performed at Step (a step is hereafter abbreviated to S) 101. Subsequently, in SI 02, it returns to 
SI 01 again, without carrying out the processing flow of this operation gestalt shown in less than 
[ SI 03 ]. if it judges whether sag is carried out and sag is not accepted from the current- 
potential property of having memorized beforehand the combination of this detected 
current/ voltage. 

[0042] When sag is accepted, it supposes that voltage should be recovered appropriately that it 
is necessary to judge the cause of sag with a sufficient precision, and with this operation gestalt, 
the method valve 9 of four is changed so that the circulation direction of cooling water may turn 
into the I/O direction to the fuel cell stack 4 of gas. such as hydrogen and air, by SI 03 at an 
opposite direction. Of the change of this circulating^water-flow close direction, the distribution 
of relative humidity is formed in the cell array direction as mentioned above in the fuel cell stack 
4. 

[0043] In addition, like the modification of the 1 st operation gestalt shown in drawing 2 , the 
inflow direction of the cooling water to a fuel cell stack is always set as an opposite direction 
with the inflow direction of gas, and when it has composition which does not change the 
circulating-water-flow close direction, these SI 03 is omitted. 

[0044] Moreover, when the existence of sag is judged and sag is judged, although [ S102 ] below 
this step is performed, it is good also as composition which deletes S101 and SI 02 and performs 
processing not more than SI 03 periodically. 

[0045] Subsequently, where the distribution of relative humidity is formed in the cell array 
direction, a voltage detector detects the voltage of each cell which constitutes a fuel cell stack 
from S104. and a detection value is told to a control unit 11, It is more desirable to consider cell 
voltage of these plurality as the composition which can detect the value of the same time as 
much as possible, although the fuel cell stack 4 consisted of two or more cells. 
[0046] Subsequently, in SI 05. the inclination of the cell voltage by the position of each cell is 
judged, and it judges whether it is what the cause of sag depends on dryness of a film by SI 06. 
[0047] Although drawing 4 is an example of the cell distribution of voltage corresponding to each 
cell position, it is drawing which arranged the voltage of each cell in order and expressed it 
toward the outlet side from the gas inlet side. It will judge, if a film does not fully carry out 
humidity but is in dryness, when the inclination for it to apply to an outlet side from a gas inlet - 
side, and for cell voltage to become high like this drawing 4 is acquired, 

[0048] It is possible to judge that this means that the voltage of the cell of the low portion of 
relative humidity is lower than the voltage of a cell with high relative humidity, namely, the film of 
the cell of the low portion of relative humidity does not fully carry out humidity, but it causes 
[ of voltage ] a fall. 

[0049] Moreover, although it is the case where correlation is not looked at by the distribution of 
relative humidity, and especially the distribution of cell voltage when cell distribution of voltage 
as shown in drawin g 5 is obtained namely, it is judged that humidity of the film is fully carried out 
in this case. In the state where there is no correlation in cell voltage and relative humidity, rather 
than expected value, the film is not dry as a low and cell voltage may judge it as what is 
depended on other causes, for example, the fall of a hydrogen partial pressure etc. 
[0050] In addition, although it is the case where a distribution whose cell voltage of a portion 
with the high relative humidity by the side of a gas inlet is low to the cell voltage of the low 
portion of the relative humidity by the side of a gas outlet is obtained when a distribution as 
shown in drawing 6 in this operation gestalt is obtained namely, moisture accumulates in the cell 
of a portion with high relative humidity in this case, and if voltage is falling by reduction of 
reaction area, it can judge. 

[0051] As mentioned above, when the cause of sag is judged to be what is depended on dryness 
of a film, a fuel cell stack output is restricted and the upper limit in which an output demand is 
possible is notified to the control means (not shown) of the high order which controls (S107- 
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109), simultaneously orders it the output demand of a fuel cell stack to the fuel cell control 
means 1 1 so that it may not become below the set point with stack voltage. 
[0052] Thereby, since the operation of a demand instruction value is attained recognizing the 
maximum of the power which a fuel cell stack can take out, the control means of a high order 
can prevent the state of saying that it is not outputted unexpectedly. 

[0053] In addition, the result which presumed the membranous damp or wet condition according 
to the inclination according to the position of each cell voltage like S104-S106 may perform load 
limitation of a fuel cell stack. 

[0054] Moreover, although it is the voltage of a fuel cell stack, and the control means of an 
output it may connect with a fuel cell stack, a DC to DC converter with a current control 
function may be carried out, and, for details, it omits. 

[0055] Moreover, when the cause of sag is except dryness of a film, the block which performs 
processing corresponding to the cause is performed. For example, when nitrogen concentration 
goes up to a hydrogen pole side and the hydrogen partial pressure is falling as a result, it 
controls to raise a hydrogen partial pressure by purging a hydrogen pole (S1 10). 
[0056] As an example, when hydrogen is the circulatory system, although a hydrogen pole purge 
is possible, since it is not the essence of this invention, it omits for details by discharging to the 
system exterior, without returning ****** from a fuel cell stack, and increasing a hydrogen flow 
rate simultaneously. 

[0057] [2nd operation gestalt] The composition of this operation gestalt is the same as that of 
drawing 1 which shows the 1st operation gestalt. In addition, in this operation gestalt, since it is 
not necessary to necessarily make reverse the inflow direction of gas, and the inflow direction of 
cooling water, the method valve 9 of four is omissible. 

[0058] The flow chart of this operation gestalt is shown in drawing 7 . This operation gestalt 
measures the current and voltage of a fuel cell stack on stream more than a certain fixed time 
or more than the certain fixed number of samplings, calculates the current and the voltage shell 
internal resistance value which were measured, and presumes membranous dryness from the 
value. 

[0059] It is equivalent to the inclination of the interstitial segment in the current-voltage - 
characteristic indicated to be an internal resistance value here to drawing 10 (a). Ionic 
conductivity falls and it is observed in a form like increase of electric resistance as a - ^ " 
membranous moisture content decreases. 

[0060] namely, — if humidity is carried out enough, although it will become the property (it 
considers as a standard property hereafter) which shows the highest voltage in drawing 10 (a),- 
the voltage when pulling out the same current value from a fuel cell stack falls, and the - 
inclination of an abbreviation bay is sudden as it becomes with some dryness — becoming a 
result — a form [ like the lower left ] whose current-voltage characteristic is — changing 

[0061] Moreover, to the current which the state (a flow rate and pressure) of gas took out, 
although the membranous damp or wet condition is suitable when more than a certain current > - 
value is taken out and the fall of voltage is accepted rapidly (drawing 10 (b)), although the 
inclination of this abbreviation bay was the same as it of a standard property, if not suitable, it - 
will judge. 

[0062] Moreover, it can be judged that it becomes the volt ampere characteristic when the state 
of drawing 10 (a) and drawing 10 (b) occurs simultaneously, as shown in drawing 10 (c), and 
membranous humidity is liable to insufficient, and the state of gas is not suitable when the 
inclination of an abbreviation bay is more sudden than a standard property, and more than a 
certain current value is taken out, a property separates from a straight line and voltage falls. 
[0063] The flow chart of drawing 7 which asks below for internal resistance based on the volt 
ampere characteristic measured on stream [ a fuel cell stack ] is explained. 

[0064] The current and voltage of a fuel cell stack of **** time are first detected by S201. This 
time of this timing is as much as possible more desirable. Subsequently, in S202, data are filtered 
with the value of the detected current. Very much, since the influence of internal resistance has 
not come out of the property in a small current region, this is for cutting the data of such a field. 
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In S203, in order to refer to by the internal resistance operation mentioned later, the measured 
current and the group data of voltage are recorded on a record means. 

[0065] In S204. the recorded current and the group data of voltage judge whether it is sufficient 
thing for internal resistance calculation. It may be recorded more than the set point that has that 
current value is scattered enough broadly and the number of group data as conditions judge that 
are enough. In S205, internal resistance is actually calculated. Specifically, two or more current 
and the group data of voltage are approximated in a straight line, and it asks for them from the 
slope of a line. 

[0066] In addition, about the method of approximating the group data of two or more 
current/voltage in a straight line, there are a least-squares method which asks for the 
approximation straight line from which the sum total of the square of the distance from the point 
which shows class data to an approximation straight line serves as the minimum, a method 
shown in JP. 6-1 74808. A. 

[0067] The inclination of the abbreviation bay for which it asked by the above methods is 
compared with the standard property beforehand searched for in the experiment etc., when an 
inclination is sudden, it judges that the film is dry, and it processes [ restricting an output etc. 
and ]. and it becomes possible to stop bad influences, such as degradation of a stack, moreover, 
the inclination of an abbreviation bay — it of a standard property, and abbreviation — it is the 
same, and the nitrogen accumulated by performing purge processing on the hydrogen pole is 
discharged, a hydrogen partial pressure is recovered [ it supposes that a problem is in gas 
conditions when the fall of voltage is accepted in more than a certain current value, and ]. and it 
becomes possible to return to the standard property of voltage 
[0068] In addition, since the internal resistance of a fuel cell has the temperature 
characteristics, such as resistance of an electrode, and electrolytic ion conductivity, it is 
desirable to change the standard value of internal resistance according to the measurement 
result of the thermometer 10 which measures cooling water temperature, for example. The map 
for which it specifically asked experimentally, and an amendment formula are used 
[0069] [3rd operation gestalt] Drawing 8 is the whole block diagram showing the composition of 
the 3rd operation gestalt of the fuel cell concerning this invention. This operation gestalt is the 
example which deleted the method valve 9 of four, made the circulating-water-flow close 
direction to the fuel cell stack 4 always the same as that of the gas-stream close direction to 
the 1st operation gestalt shown in drawing 1 . and prepared the moisture flow rate detection 
means in hydrogen content gas and the fuel cell stack I/O section of air. 

[0070] That is, a moisture flow rate detection means 21 to detect the moisture flow rate which 
flows into the fuel cell stack 4 from the hydrogen feed zone 1, a moisture flow rate detection 
means 22 detect the moisture flow rate which flows out of a hydrogen outlet, a moisture flow 
rate detection means 23 detect the moisture flow rate which flows from the air supply section 2, 
and a moisture flow rate detection means 24 detect the moisture flow rate which is an air outlet 
and which carries out a shell outflow have been established. As these moisture flow rate 
detection meanses 21. 22. 23, and 24, it is possible to constitute, for example from a dew-point 
detection rheans and mass flow rate detection meanses, such as a mirrqr-plane cooling formula. 
[0071] Moreover, in the control unit 11, a means to calculate the moisture content generated 
inside the fuel cell stack according to the current value taken out from the fuel cell stack 4 is 
established. 

[0072] To the value which added the moisture content generated inside the stack by the 
moisture flow rate sum total in the hydrogen of the entrance of the fuel cell stack 4, and air. if 
the moisture flow rate sum total in the hydrogen of a fuel cell stack outlet and air is large, it is 
shown that having come out from a film into the gas of moisture is shown, namely, a film is in a 
dryness inclination. 

[0073] Conversely, if the hydrogen of an outlet and the moisture-content sum total in air are 
small, it turns out that moisture will have permeated the film out of gas, namely, a film is in a 
humid inclination. Therefore, the average humid grade in a fuel cell stack can be presumed now 
by integrating with the variation of this moisture. 
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[Translation done.] 
* NOTICES * 

Japan Patent Office is not responsible for any 
damages caused by the use of this translation. 

1. This document has been translated by computer. So the translation may not reflect the original 
precisely. 

2. **** shows the word which can not be translated. 
3-In the drawings, any words are not translated. 



DESCRIPTION OF DRAWINGS 



[Brief Description of the Drawings] 

[Drawing 1] It is the whole block diagram showing the composition of the 1st operation gestalt of 
the fuel cell concerning this invention. 

[Drawing 2] It is the whole block diagram showing the composition of the modification of the 1st 
operation gestalt. 

[Drawing 3] It is a flow chart explaining operation of the 1 st operation gestalt. 

[Drawing 4] It is drawing showing the example of cell distribution of voltage over the cell position 

in an inadequate damp or wet condition. 

[Drawing 5] It is drawing showing the example of cell distribution of voltage over the cell position 
in a moderate damp or wet condition. 

[ Drawing 6] It is drawing showing the example of cell distribution of voltage over the cell position 
in a superfluous damp or wet condition. — , . ^ 

[Drawing 7] It is a flow chart explaining operation of the 2nd operation gestalt. ™ 
[Drawing 8] It is the whole block diagram showing the composition of the 3rd operation gestalt of 
the fuel cell concerning this invention, 

[Drawing 9] (a) When the moisture in a film decreases and (b) hydrogen partial pressure falls, it is 
drawing which is the case where a hydrogen partial pressures falls after the moisture in the (c) 
film had decreased and in which showing the example of representation of the current-voltage 
characteristic of a fuel cell, respectively. 
[Description of Notations] 

1 Hydrogen Feed Zone - " 

2 Air Supply Section 

3 Humidifier 

4 Fuel Cell Stack 

5 Pump for Fuel Circulation 

6 Check Valve 

7 Cooling Water Pump 

8 Radiator 

9 Method Valve of Four 

10 Thermometer 

1 1 Control Unit 

12 Cooling System 
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[Drawing 7] 




[Drawing 8] 
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[0 0 5 1] fel±OJ:ol3, «EfgT©JlH*^M®^ / 

{cf&jai-rs (s 1 0 7~ 1 0 9) , mMnm 

mm^m 1 1 ^i^nmm.:^^y^(Dtiitim^^i^^i-^ 

[0 0 5 2] cine J: ») ±{t®«ij^^@t±x jl«S**«Tlt^ 

^ ^^.^ ^ B5± f -5 C a As-e t S , 
[0 0 5 3]/^, «mST&^^' yi^om^jftiMli. S 1 

0 4~s 1 0 6<Di-5tc:#-fe;i/«E®{4g{cjS;cfeii«ra 

[0 0 5 4] *Rmrfe;^;5' •;/^'®«E^I±i:/3®jPl 

miz^^yXiA^s&-r?>. 
[0 0 5 5] «E{gT®/^HA5||iO^W^1-T-i& 

^mif-r^o m^i£7i<.mmmcii\'^xsmm&ifi±ifi 

<S:fT-5 (S 1 1 0) . 

[0 0 5 6] -mti^xui. yicmt^mm^x$>^m^iz 

[0 0 57] cm 2 OUSSffJJi: *:|IMffJJi®fll^tt^ 

[0 0 5 8] @7!r*:|lfiSffJ^cD7D— b^Tfx 
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[0 0 5 91 c:c:T-V>-5rtSBSlHfiSi:e:iai 0 (a) C 
C0 0 6 0]IPt)s +^Si3UTV^ntC, 010 (a) 

J: o ftft^'N 5 :i i: «t s o 

[0 0 6 1] SfcC:CDBSifii^g|50«t*s^ip!Rftt0^n 

^«{rsEo(gTj!)^s«)e)nfca^ {010 

(b) ) {i> mcDmmv^mitMMizifi. i}7.(D^m m 

[0 0 6 2] SfciaiO (a) tmi 0 (b) Ottlltf 
[Bl^{3^^t-5iyi^{c«:, laiO (c) ic^sfio^c* 

[0 0 6 3] WTC, •y^oae^'cai^ 
[0 0 6 4] s-rs 2 0 1 x-«?,mmm(Di}&n'mm7>^ -y 

[0 0 6 5] s 2 0 4-ett, im^nrzmwiRVMS.(D 
[0 0 6 6] m^m<Dmm/mE.(Dm7'—$^?:mm. 

*to5S'h2^iS-^, m«^^¥6- 1 7 4 8 0 8^ 



[0 0 6 7] i;jL±0j:otji:^^xmtbrz«&mus&(Dms 
t. ^tbm^x-^sbxai^fz^mn&ttiitnL. m 
ftii^mt^^iztimifi^bx^^itpmu mtioym 

-yuEM^^foz iix-Ti^mmizmm^titzmm^mm u 

[00 6 8]!^. ^^«ffe®rtgSffiJiitts seoffists 

[0 06 9] 3 ommm') la s *f!B^{z^s 
*Si|s^m^tfe<D^ 3 <Dmm'i.m(Dmmt:7fs-r±im^mx-i!> 

5, *:|USffJ®a:s 0 1 izm bfe^ 1 ®IIJ6ff^^{-^ 
U 4:??#9S»JI»l/T«M4«ife^4'y^4-v©}^a]7K 
«tA:;?lRl*;tf:^«tA^(qli:«tc|iI-i:bs tKI^^*:*?;^ 

m^mftzmxhi, 

[0 07 0] sn*.«M4«ffe;^^ y 4^7kiRttt«&Si5 1 *» 

e>sftA-r-57j<^iStS5:tft£tST5*^lKSt^tB^IS2 1 

^m^mzt. ^^tt*&a5 2i»e.iStA-rs7k^siias 
Siai-rs7k^«tfi»ai^e2 3fc, ^mttip©*>e>ifem 
■rs7K^siLi^t^m-rs*^i<tat^ai¥e2 4 h^m-f 

X^^^o C:ne)©7k^5fcSt^tii^lS2 U 22, 2 3, 

[0 0 7 1] ^tzmm^m. 1 1 xit. ^smfife;^^ ^ 
4 !3 Hi LtzmmmziS' i:,xmnmm:^ ^^^^^p^^ 

[0 0 7 2] mnnmy^ ^^j^A cd v^s. 

bTV-iS, 

[0 0 7 3] i3»caJPCD7j<^ZiU^S^^'®7jc^fi^th*^ 
/jN^JttHi, M(c;b';^tfi^e)7X^i^SSbTV^5c:i:C 

^ l*lO¥l9S<]Si@SJK ^it^-r S ^ i: A^T- 1 S J: ^ 
5o 

[0S(D@«7'd:3£B^] 

[0 1 ] :^mn^zi^^hmnmii(oy^i<DmMiiM<om^ 
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[03] m 1 <Dmmm<Dm^iistmt?> 7 tj-^^- 

[07] ^2C0^S6jfJS©i&f'^SifiB^r-57D-5^i— 

im 8 ] *^B§{r^sj^ii£4a?ibo^ 3 (Dm!^m<Dmm 

[09] (a) iKtfO;!^^*^?^:!^^^*!^, (b) tKI^ 
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2 Sm««S&ffl5 

3 iDSH 

5 

6 m±^ 

7 j^aTk^VT* 

8 ^ 

9 4:^# 

I 0 asit 

I I mm^Si 
1 2 i^sim 
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